Abstract Multiple year-round records of bulk and size-segregated compositions of aerosol were obtained at the coastal Dumont d'Urville (DDU) and inland Concordia sites located in East Antarctica. They document the sea-salt aerosol load and composition including, for the first time in Antarctica, the bromide depletion of sea-salt aerosol relative to sodium with respect to seawater. In parallel, measurements of bromide trapped in mist chambers and denuder tubes were done to investigate the concentrations of gaseous inorganic bromine species. These data are compared to simulations done with an off-line chemistry transport model, coupled with a full tropospheric bromine chemistry scheme and a process-based sea-salt production module that includes both sea-ice-sourced and open-ocean-sourced aerosol emissions. Observed and simulated sea-salt concentrations sometime differ by up to a factor of 2 to 3, particularly at DDU possibly due to local wind pattern. In spite of these discrepancies, both at coastal and inland Antarctica, the dominance of sea-ice-related processes with respect to open ocean emissions for the sea-salt aerosol load in winter is confirmed. For summer, observations and simulations point out sea salt as the main source of gaseous inorganic bromine species. Investigations of bromide in snow pit samples do not support the importance of snowpack bromine emissions over the Antarctic Plateau. To evaluate the overall importance of the bromine chemistry over East Antarctica, BrO simulations were also discussed with respect data derived from GOME-2 satellite observations over Antarctica.
Introduction
The understanding of emissions and atmospheric fate of sea-salt aerosol at high latitudes is important for several reasons. First, sea-salt aerosol emitted from open ocean represents a potential large source of halogens [Sander et al., 2003] that if activated plays an important role on the reactivity of the atmosphere over these regions (see Simpson et al. [2007] and Abbatt et al. [2012] for reviews as well as Yang et al. [2005] , Parrella et al. [2012] , and Long et al. [2014] for instance). Second, related to the presence of sea ice, emissions from blowing snow [Yang et al., 2008; Jones et al., 2009] or other sea-ice-related processes (e.g., frost flowers [Wagenbach et al., 1998a; Rankin et al., 2000] ) could represent a significant (possibly dominant) sea-salt aerosol source with respect to the common sea-salt emissions from open ocean in these regions. That offers the possibility to reconstruct an important proxy of the past climate, namely, the sea ice extent [Rankin et al., 2002; Abram et al., 2013] , through the study of sea-salt ice core records.
With the aim to test the possibility of using sea-salt ice core records to derive past sea ice extent, Levine et al. [2014] developed a chemistry transport model, p-TOMCAT (parallelized-Tropospheric Offline Model of Chemistry and Transport) , that includes open ocean and blowing-snow sources. The model was tested against atmospheric sea-salt observations available at the central Antarctic sites of Concordia and Kohnen and the coastal sites of Neumayer and Palmer, confirming the importance of sea-ice-related sea-salt emissions in winter at both coastal and central Antarctica.
to seawater composition to describe the release of bromine from sea-salt aerosol. However, data are only available northward of 55°S [see Sander et al., 2003, and references therein] . Model simulations are generally validated by comparing with either the few available near-surface BrO measurements or the tropospheric BrO vertical column derived from satellite observations [Theys et al., 2011] . The role of the photochemistry within the snowpack present over polar ice sheets is suspected [Thomas et al., 2011; Dibb et al., 2010] but not yet discussed for Antarctica.
We here report on multiple-year atmospheric observations of sea salt at two sites located in East Antarctica, Dumont d'Urville (DDU) at the coast and Concordia on the high plateau. These bulk aerosol data are complemented by the study of size-segregated aerosol composition to quantify the contribution of sea-ice-sourced versus open-ocean-sourced emissions. The aerosol (bulk and size-segregated sampling) records at DDU also document, for the first time in Antarctica, the depletion of bromide relative to sodium over the course of the year. Gaseous inorganic bromine species were also sampled year-round for 8 years at DDU and 5 years at Concordia. Finally, the bromide snow pack content at Concordia was documented to evaluate the contribution of bromine snow emissions to the atmospheric boundary layer there in summer. These near-surface data on sea-salt aerosol and gaseous inorganic bromine, together with satellite observations of BrO, were compared to off-line chemistry transport model simulations to evaluate the importance of bromine chemistry in East Antarctica.
Sites and Methods
Inorganic bromine was investigated in aerosol and gas atmospheric samples collected in East Antarctica at the continental site of Concordia (75°06′S, 123°33′E, 3233 m above sea level) and the coastal site of Dumont D'Urville (66°40′S, 140°01′E, at sea level) (Figure 1 ). In water-extracted samples, anions including chloride, nitrate, sulfate, methanesulfonate (denoted MS À ), and bromide were determined by using ion chromatography (IC) equipped with a 1 mL sample loop. Cations including sodium, ammonium, potassium, calcium, and magnesium were determined using a CS12 separator column. Working IC conditions are detailed in Minikin et al. [1998] and Wagenbach et al. [1998a] . The IC analyses of anions in atmospheric samples were done using an AS11 separator column with which bromide is eluted just before nitrate (retention time of 8.7 min instead of 8.8 min for nitrate). Such a short time interval renders difficult accurate measurements of bromide in samples containing a relative large abundance of nitrate compared to bromide (see further discussions in sections 2.1 and 2.3). In this paper, atmospheric bromide concentrations are reported in ng m À3 STP (standard temperature and pressure conditions of 298 K and 1013 hPa), a mixing ratio of 24.4 pptv corresponding to a concentration of 1 nmol m À3 STP (i.e., 80 ng m À3 STP).
Aerosol Sampling and Measurements
Aerosol samplings were conducted at DDU and Concordia in the framework of the French environmental observation service CESOA (Etude du cycle atmosphérique du Soufre en liaison avec le climat aux moyennes et hautes latitdues Sud,http://www-lgge.obs.ujf-grenoble.fr/CESOA/spip.php?rubrique3) dedicated to the study of the sulfur cycle at middle and high southern latitudes.
At DDU, bulk aerosol samples were continuously collected on Gelman Zefluor (47 mm diameter, 0.5 mm pore size) filters at a flow rate of 1.7 m 3 h
À1
. A typical sampling interval of 1 day was applied from the end of October to the beginning of April and 2 days during the remaining winter months, respectively (i.e., 260 samples per year from 2004 to 2013). Filters were extracted in 1 mL of methanol (to aid wetting of the filter) plus 9 mL of ultrapure water. No detectable amount of bromide was found in blanks of the filter extraction procedure and the detection limit is only related to the detection limit of the IC (0.05 ng g ), bromide concentrations are well above detection limit (0.01 ng m À3 in winter and 0.02 ng m À3 in summer). As discussed above, under working conditions applied to the AS11 separator column, bromide is eluted only 6 s before nitrate. Although Teflon filters do not retain efficiently HNO 3 [see Wagenbach et al., 1998b] , at DDU a large fraction of total atmospheric nitrate is trapped in the aerosol filters which, as discussed in section 2.2, are very alkaline in summer due to high ammonia emissions caused by the presence of a large penguin colony at that site ]. Bromide and nitrate concentrations are smaller in winter than in summer, but due to an earlier recovery of summer values for nitrate (80 ng m (maximum of 5 ng m À3 in January, see below), the relative abundance of bromide with respect to nitrate drops in November compared to the rest of the year (bromide to nitrate mass-based ratio of 0.02 compared to a maximum of 0.16 in May). The determination of bromide becoming less accurate in samples containing a relatively large concentration of nitrate, on a total of 2600 bromide values, around 500 values in which the mass-based ratio of bromide to nitrate were smaller than 0.02 were considered as too uncertain to calculate the bromide to sodium mass-based ratio. The 2004-2013 time series of bromide in aerosol is presented in Figure 2 in 10 day binned averages. The acidity (or alkalinity) of samples (not measured) was evaluated by checking the ionic balance between dominant anions and cations with concentrations expressed in microequivalents per liter, μEq L À1 (positive and negative values corresponding to acidic and alkaline samples, respectively):
In addition to multiple-year bulk aerosol samplings, a year-round study of size-segregated aerosol composition has been carried out at DDU on 47 discontinuous samplings done from January 1999 to August 2001 by using a small deposit area impactor, similar to the one developed by Maenhaut et al. [1996] , and equipped with a 20 μm cutoff diameter inlet. Typically, eight runs were done during each of the three summers (from November to February) and three runs each winter. The 16 runs done in 2001 were only analyzed for anions. A flow rate of 0.84 m 3 h À1 was applied with a sampling interval of 1 to 3 days in summer, 4 to 7 days in winter.
As detailed in Jourdain and Legrand [2002] , the impactor has been run with 11 stages whose cutoff diameters range from 0.08 to 7.7 μm. Using a 10 mL extraction volume and given the air sampled volume, the bromide detection limit was as low as 0.01 ng m À3 in summer and 0.005 ng m À3 in winter. With that, even with a few ng m À3 of sodium collected on the bottom stages of the impactor, bromide can be detected. In most of the cases, bromide was found above the detection limit on all stages collecting particles with diameter larger , respectively) to permit accurate detection of bromide. As acidic gaseous compounds present in the sampled air like nitric acid have a quite limited access to particles deposited on the substrate, the observed concentrations of nitrate collected on the impactor are a factor 2 to 5 smaller than those observed on the corresponding bulk aerosol filters. The previously discussed difficulty to measure bromide in samples having a bromide to nitrate mass-based ratio lower than 0.02 was therefore very rare and, when it did occur, was limited to submicron stages that are of less importance when evaluating bromide depletion in sea-salt aerosol (see section 3.2). Ten day averaged concentrations of (a) bromide and (b) sodium, (c) bromide to sodium, and (d) chloride to sodium mass-based ratios, (e) acidity or alkalinity (see equation (1)), (f) sum of acidic sulfur aerosol components (non-sea-salt sulfate and methanesulfonate) in bulk aerosol continuously collected at DDU from January 2004 to December 2013. (g) Sea ice extent (mean distance between the DDU coastline and the ocean with less than 15% of ice within the 130-150°E sector).
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Year-round composition of aerosol was examined on samplings made at Concordia since 2006. Aerosol was continuously sampled at a flow rate of 1.1 m 3 min À1 on circular quartz filters (Gelman Pallflex Tissuquartz 2500QAT-UP) with 15 cm diameter (filter holder from Digitel). A piece of each filter (10 cm 2 of a total surface of 150 cm 2 ) was extracted with 10 mL of ultra pure Milli-Q water. Given the weekly sampling time, a far larger air volume was sampled (8000 m 3 compared to 35-70 m 3 at DDU) permitting the determination of bromide as low as 0.001 ng m
À3
. Note that quartz filter used here does not trap efficiently nitric acid and the abovediscussed overlap between nitrate and bromide was less important than at bulk aerosol collected at DDU. As seen in Figure 3 ). A study of the size-segregated aerosol composition was carried out at Concordia, but even with a sampling interval of 2 weeks applied with a flow rate of 0.84 m 3 h
À1
, the detection of bromide remained difficult to derive relevant information on the size-segregated bromide composition. That is mainly due to the low sodium concentration at that site (reaching at the best only a few ng m À3 on the stage collecting particles of~1 μm diameter).
Gaseous Inorganic Bromine Sampling and Measurements
Measurements of soluble bromide trapped in mist chambers [Ridley et al., 2003; Dibb et al., 2010; Liao et al., 2012b] and denuder tubes [Sturges et al., 1993; Li et al., 1994] were previously used in polar regions, providing relevant information on the active bromine chemistry. At DDU, a gas sampling line of three Na 2 CO 3 -coated annular denuder tubes placed in series [Jourdain and Legrand, 2002; Legrand et al., 2012] was run with a flow rate of 0.6 m 3 h À1 (405 runs done from end of January 2006 to end of December 2013, Figure 4a ). The coating was made with a solution of Na 2 CO 3 at 10 À2 M (50% ultrapure water, 50% high-performance liquid chromatography methanol). At each denuder tube series, one tube was used as a blank to control the quality of the preparation procedure and the effect of storage of tubes before their use (a day or a few days later). No detectable amount of bromide was found (less than 0.05 ng g
À1
). Each tube sampling was extracted in 5 mL of ultrapure water. From January 2009 to December 2010, a sampling interval of 10 h and 30 h was applied in summer and winter, respectively. Since beginning of 2011, the sampling is more continuous and the sampling time was increased to 6 days in both winter and summer (Figure 4a ). With sampling interval of 10 h in summer, the blank value corresponds to an atmospheric concentration of 0.04 ng m
À3
. In winter, ). The collection efficiency of the first tube (defined as the mass trapped on the front tube divided by the sum of masses in the three tubes) was on average 65 ± 10%, 85 ± 5% of the sum of masses having been trapped on the front tube and the tube placed behind. Note that with bromide to nitrate mass-based ratios close to 0.2 in summer and 1 or 2 in winter in denuder tube extracts, the interference between the two anions is far less important than in the case of aerosol extracts.
Bromide present in water extracts from denuder tubes cannot distinguish HBr from other brominated species like HOBr, Br 2 , BrNO 2 , and BrONO 2 that were likely also collected on the denuder tubes [Li et al., 1994] . Only BrO is thought to be weakly retained during denuder sampling [Sturges et al., 1993] . More recently, Liao et al. [2012b] characterized the response of mist chamber for HBr, HOBr, BrO, and Br 2 by using chemical ionization mass spectrometer. They demonstrated that whereas the four species are efficiently trapped in water, the molar ratios of detected bromide to Br 2 and to BrO was 0.45 and 0.4, respectively. From that it can be assumed that in the presence of these four species, bromide in mist chamber corresponds to [HBr] 
Gas phase samplings were also done at DDU until January 2010 by using two mist chambers placed in series downstream from a Teflon Millipore Type FALP (37 mm diameter) filter with an airflow rate of 0. (Table 1) . In spite of a significant day-to-day variability, the two monthly mean data sets indicate similar absolute values and seasonal trend. It is important to note that in spite of the strong alkaline character of bulk aerosol in summer, particularly in November and January (see Figure 2e and Table 1 ) when penguin activities reach a maximum , there is no evidence that acidic compounds like HBr or HOBr were trapped on the corresponding front filters of mist chambers. Indeed, no decrease of mist chamber values with respect to denuder tube ones can be observed during these two months, the largest departure being observed in September and February.
Finally, 261 denuder tube runs were done at Concordia between January 2009 and March 2014 (Figure 4b ). Over the first year, a sampling interval of 2 to 3 days was applied in summer and winter, respectively. From 2010 to 2013 the sampling became more continuous and the sampling time was increased to 6 days both for winter and summer (Figure 4b ). With sampling interval of 3 days in summer, the blank values correspond to atmospheric concentration of 0.01 ng m
. With a bromide to nitrate mass-based ratio close to 0.05 in summer and 1 in winter, nitrate does not significantly interfere with bromide during analyses.
Snow Samples
At Concordia, a snow pit was dug 9 January 2012, 3 km from the station and sampled down to 110 cm depth. All samples collected within the upper 10 cm of snow and a few samples collected between 15 cm and 60 cm depth were analyzed for bromide. As seen in Table 2 , the samples contain relatively large amount of nitrate and their analyses were not possible using working conditions applied to atmospheric samples (see section 2.1). Here we used a concentrator column (sample volume of 5 mL) and an AS18 separator column with which nitrate does not interfere with bromide. It was, however, necessary to adjust the pH of samples by adding HCl (2 × 10 À3 M) to reduce the interference between bromide and bicarbonate which is present in samples as the result of CO 2 solubilization. Under these working conditions, a detection limit as low as 0.007 ng g À1 is achieved. ) Jan 10.2 ± 1.9 11.9 ± 6.3 À8.5 Feb 6.9 ± 0.3 11.3 ± 4.0 À4.5 Mar 5.6 ± 1.0 6.6 ± 1.7 +0.7 Apr 6.0 ± 1.2 4.2 ± 1.0 +2.0 May 4.4 ± 1.9 3.4 ± 1.0 +2.3 Jun 5.8 ± 2.6 6.8 ± 4.8 +1.8 Jul 7.3 ± 4.0 10.0 ± 5.1 +2.4 Aug 9.4 ± 3.9 9.9 ± 6.3 +2.2 Sep 8.2 ± 2.5 13.0 ± 6.5 +2.6 Oct 8.3 ± 2.0 9.1 ± 2.9 0 Nov 9.4 ± 2.8 11.5 ± 6.9 À8.0 Dec 10.2 ± 3.8 11.0 ± 3.7 À3.6
a Standard deviations refer to the variability of mixing ratios observed from individual samples collected each month.
The last column refers to the monthly means acidity (alkalinity) of bulk aerosol sampled at DDU (see equation (1)). 
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GOME-2 Tropospheric BrO Vertical Columns
To evaluate the role of bromine chemistry throughout the entire troposphere, in addition to data gained nearby the ground, we also examine data derived from satellite observations. The second Global Ozone Monitoring Instrument (GOME-2) is a nadir-looking UV-visible spectrometer measuring the solar radiation backscattered by the atmosphere and reflected by the Earth in the 240-790 nm wavelength interval and with a spectral resolution of 0.2-0.5 nm [Munro et al., 2006] . It is in a Sun-synchronous polar orbit on board the Meteorological Operational satellite-A (MetOp-A), launched in October 2006, and has an Equator crossing time of 09:30 local time on the descending node. The ground pixel size is typically of about 80 km × 40 km and GOME-2 provides nearly complete coverage of polar regions every day. The tropospheric BrO columns are retrieved following the method described in Theys et al. [2011] , which consists of three steps: (1) the measured spectra are analyzed for BrO using differential optical absorption spectroscopy (DOAS), (2) the contribution from the stratosphere is estimated and subtracted from the results, and (3) radiative transfer calculations which account for changes in surface reflectivity, observation geometry and clouds are performed, to convert the measured quantity into a tropospheric column.
2.5. Model Descriptions and Simulations 2.5.1. Three-Dimensional Model for Sea-Salt Aerosol and Br y Species Sea-salt model simulations were done using a global chemistry 3-D transport model p-TOMCAT. It is driven by winds, temperatures, water vapors based on 6-hourly European Centre for Medium-Range Weather Forecast interim data, with monthly fractional sea ice coverage and sea surface temperature data from the Hadley Centre Sea Ice and Sea Surface Temperature (HadISST) data set [Rayner et al., 2003] . A model horizontal resolution of 2.8°× 2.8°was used with 31 vertical layers from the surface to 10 hPa at the top layer.
The model includes tropospheric bromine chemistry based on the previous works of Yang et al. [2005 Yang et al. [ , 2010 with bromine sources from both short-lived bromocarbons and sea-salt bromine depletion. The halocarbon emissions are based on the original work (scenario 5) of Warwick et al. [2006] , except for emissions of CH 2 Br 2 , which were updated to 57 Gg/yr . Sea-salt bromine flux was estimated using depletion factors (denoted DF) which represents the fraction of bromine having been lost from aerosol to the gas phase and being equal to 1 À [Br
To represent seasonal change in bromine release from sea salt in the Southern Ocean at latitudes higher than 30°S, the seasonal change of DF was implemented. In this study, we updated DF values for latitudes higher than 60°S based on data obtained at DDU (see Table 3 and discussions in section 3.2), while for the 50°S-60°S latitude band, DF values observed at Macquarie Island (55°S, 159°E) were used [Ayers et al., 1999] . For latitudes north of 30°S, a size-dependent DF scheme from Breider et al. [2010, supplementary] was used (nonseasonal variation), which is in general 2 times higher than that of the DF scheme used in simulations from Yang et al. [2008 Yang et al. [ , 2010 . With respect to the previous works from Yang et al. [2005 Yang et al. [ , 2010 , the dry deposition of HBr, HOBr, and BrONO 2 over snow and ice was enhanced (see further discussions in section 3.3). Levine et al. [2014] have successfully introduced a process-based detailed sea-salt aerosol scheme, including production, transport, and wet and dry depositions of sea salt to the p-TOMCAT model. The sea-salt parameterization was based on the work from Reader and McFarlane [2003] . The open ocean sea-salt production was updated following Caffrey et al. [2006] by choosing the maximum flux of Gong [2003] and Smith et al. [1993] for wind speeds higher than 9 m s À1 , for wind speed lower than 9 m s À1 the flux from Gong [2003] was applied. Sea-salt production from sea ice followed the original work of Yang et al. [2008] . The key parameter, snow salinity, was updated based on recent investigations made during a wintertime cruise of the Polarstern (June-August 2013) in the frame of the BLOWSEA project conducted by the British Antarctic Survey. The top 10 cm of snow plus blown samples gave an averaged surface snow salinity of~0.3 practical salinity unit (M. Frey, personal communication, 2015) , which is more than 10 times smaller than the column mean value used in the original parameterization. In all simulations, following Levine et al. [2014] , an averaged snow age of 36 h was assumed. We also improved the model precipitation field by introducing monthly precipitation ratios between climatology (Monthly Global Precipitation Climatology Project) [Adler et al., 2003] and modeled multiyear mean. The precalculated ratio for each grid box was used in further model integration with the aim of forcing its total precipitation close to its climatology. This method appeared to be a better way to correct large bias in the model precipitation field than that using manual correction as done in Levine et al. [2014] . 
Results and Discussions
3.1. Observed and Simulated Sea-Salt Concentrations: Contribution of Open-Ocean-Related Versus Sea-Ice-Related Processes 3.1.1. The Case of DDU As seen in Figure 2b , in general, the year-round sodium record at DDU exhibits a summer maximum. As already discussed by Wagenbach et al. [1998a] such a seasonal pattern is reversed compared to those observed at other coastal Antarctic sites where the largest concentrations occur in winter. This finding pointed out the sea ice as an efficient source of sea-salt aerosol in winter. The outstanding summer maximum of sea-salt concentrations only detected at DDU is related to the particularity of this site, located on a small island with open ocean immediately around from December to February. This particularity of DDU was confirmed by an absence of summer sodium maximum observed in January 1995 when exceptionally severe summer sea ice conditions had prevailed at the site [Jourdain and Legrand, 2002] . As seen in Figure 2g , this phenomenon occurred again during more recent summers (2011/2012, and 2012/2013) for which summer sea ice conditions were severe (the area of ocean containing more than 15% of ice having extended up to 50 km offshore DDU). In Figure 2g , The last column refers to the bromide depletion factor (DF, see section 3.2) calculated using sodium as the sea-salt reference species and the bromide to sodium mass-based ratio in seawater. The mass-based ratio in sea-salt aerosol was assumed to be equal in summer to the one of seawater (6.25 · 10 À3 ) and 20% higher in winter due to precipitation of mirabilite at that season (see section 3.1). Mass-based bromide to sodium ratios and DF values in bulk aerosol reported under parenthesis refer to mean values calculated for 2010-2013 over which an unusual presence of sea ice offshore the site in summer took place (see section 3.1).
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original sea ice extent data from the National Snow and Ice Data Center (http://nsidc.org/) were resampled with a longitudinal resolution of 10° [Weller et al., 2011] . It should be emphasized that this summer sea ice is soft and does not permit emissions of sea-salt aerosol, unlike the case in winter. In contrary, its presence offshore DDU leads to an accumulation of sea ice pack between the numerous small islands of the Archipelago. This likely limits the effect of breaking waves around the site in emitting locally large particles. It should be emphasized that this change of sea ice conditions in summer offshore DDU, which would slightly weaken the open ocean source, cannot be captured by the model.
As seen in Figures 5c and 5e, the model overestimates sodium concentrations observed at DDU by a factor of~2 in summer and~3 in winter. This comparison between observations and simulations was done by considering in the model NaCl particles having a dry diameter smaller than 10 μm. Given relative humidity encountered at DDU when marine air masses rich in sea-salt aerosol reach the site, typically 60% to 90%, a sea-salt particle of 10 μm dry diameter would have an ambient air diameter twice larger (around 20 μm). Whereas this value is close to the cut off of the impactor deployed at DDU in 2000 and 2001 (see section 2.1), data gained with the impactor are too sparse to be used in the comparison reported in Figure 5 where we used data derived from bulk filters. It has to be kept in mind that as discussed in section 3.2, sodium data derived from bulk filter sampling are on average 50% higher than those derived from simultaneous sampling with the impactor, likely due to the larger cutoff size of bulk aerosol filter sampling with respect to the one the impactor. Thus, the departure between simulations and observations may be even larger than depicted in Figure 5 .
In general, the p-TOMCAT model was shown to underestimate sodium concentrations at marine sites, for example, by a factor of~2 at both the coastal Antarctic site of Neumayer and at Cape Grim (not shown). A possible reason for the particular case of DDU characterized by an overestimate of sea-salt concentrations by the model by more than a factor of 2 may be due the fact that the site experiences strong katabatic winds coming down from the ice cap situated south of DDU that brings sea-salt poor air from the Antarctic Plateau. Indeed, as discussed by König-Langlo et al. [1998] , DDU experiences either air masses coming from inland Antarctica, purely marine air masses, or continental/marine mixed air masses with easterly winds due to arrival of low-pressure systems from the north. The effect of wind pattern on sea-salt concentrations at DDU is examined in Figures 6-8 for which the fractions of sampling time during which winds were blowing from the ocean (from 0 to 110°E, 270 to 360°E, denoted as Ocean and expressed in percent), the coastal glaciers (from 110 to 130°E) and the continent (from 130 to 270°E, denoted as Continent and expressed in percent) were calculated.
In winter, as seen in Figure 6 for winter 2012, sodium concentrations over days dominated by winds blowing from oceanic sectors (290 ± 228 ng m À3 when more than 50% of time winds were blowing from the ocean) are larger than over days that experienced winds blowing from continental sectors (125 ± 83 ng m À3 when more than 50% of time winds were blowing from the continent). On average, in winter winds blow over a similar fraction of time from the ocean (32%), the coastal glaciers (36%), and the continent (32%). A noticeable exception is winter 2011 during which the smallest sodium mean concentration is recorded (170 ng m
À3
instead of 240 ng m À3 over other winters, Figure 2b ) in relation with less frequent winds blowing from oceanic sectors (20% instead of 33% over other winters) and more frequent winds blowing from the continent (50% instead of 30% over other winters). On average, in summer winds blow 37% of time from the ocean, 38% from the coastal glaciers, and 25% from the continent. Interestingly, at the beginning of the record (from 2004 to 2010), summers that were characterized by high sodium concentrations, experienced 40% of time winds blowing from the ocean and only 16% of time winds blowing from the continent as opposed to the summer 2012/2013 during which winds were blowing only 20% of time from the ocean and 60% from the continent. These wind conditions have certainly contributed, in addition to the severe sea ice conditions discussed above, to the absence of summer maximum at that time (Figure 2 ).
In contrast to wind conditions that are largely controlled by synoptic situation in winter, in summer the wind regime is also influenced at a very local scale by an anabatic phenomenon. The continental wind still blows in summer but sometimes strongly decreases or even ceases entirely as temperature rises over midday. As a result, an apparent "sea breeze" is sometimes observed with local wind direction changing from 110 to 160°E to North. The effect of changing wind direction on the sea-salt concentrations at DDU in summer is illustrated in Figure 7 . Over the reported period of 24 days, the sampling time resolution was increased from
Journal of Geophysical Research: Atmospheres 10.1002/2015JD024066 a day to 6 hours to examine the effect of sea breeze. Over the period, several days experienced winds blowing from pure glacier sectors and from pure marine sectors. Over days with glacier sector winds (12, 13, 18, 19, 23, 25 , and 28 December), the chloride concentrations remained some 5 times smaller than over days marked by marine sector winds (5, 15, 16, late 26, and 27 December). Between these two regimes, other days were in general marked by a change from glacier sector winds at night to marine sector winds in the afternoon (from 8 to 11, 14, 20 to 22, and 24 December). Over these sea breeze days a marked maximum of chloride can be observed in the afternoon or late afternoon. In Figure 8 we compare the effect of wind conditions on summer and winter sodium concentrations. It is seen that continental conditions more strongly decrease sodium concentrations in winter than in summer, possibly related to larger-scale phenomenon at that season. To evaluate the effect of winds blowing or not from oceanic sectors on the observed sodium concentrations, binned mean values (over 10% interval) were fitted using a polynomial function. From the best fits, that were obtained with a third-degree polynomial function, we estimated which sodium concentration is expected if the site would have been exposed permanently to winds blowing from the ocean and not influenced by the occurrence of glacier/continent winds. In summer, the sodium concentration is enhanced by a factor of 2 when these pure marine conditions are assumed instead of prevailing conditions (i.e., 35% of marine) using the best fit ([Na + ] = À0.0013
Ocean 3 + 0.1951 Ocean 2 À 1.7392 Ocean + 217 with R 2 = 0.88). In winter, the sodium concentration is enhanced by a factor of 3 when these pure marine conditions are assumed instead of prevailing ones (i.e., 32% of marine) using the best fit ([Na + ] = 0.0016 Ocean 3 À 0.1933 Ocean 2 + 8.3144 Ocean + 65.5 with R 2 = 0.88). Given the coarse horizontal resolution of the model (the size of the grid cell containing DDU is 150 km in longitude,~300 km in latitude), local small-scale meteorological phenomena like sea breeze and shallow katabatic flow could not be well represented by the model, which may affect the modelobservation comparison. Therefore, the discrepancy between simulations and observations at DDU is likely 
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related to the particular conditions encountered at that site with dominant winds blowing from coastal glaciers and the Antarctic continent.
As seen in Figures 5d and 5f , the model experiments (with and without sea ice source) indicated that the winter sea-salt aerosol at DDU was dominated by sea ice emissions (68% of total from May to October). The overall importance of sea ice as a major source of sea-salt aerosol at coastal Antarctic sites in winter was first recognized by Wagenbach et al. [1998a] from the observation of a strong depletion of sulfate in atmospheric sea-salt aerosol due to precipitation of mirabilite (Na 2 SO 4 · 10H 2 O) on the sea ice surface at that season. It was shown that the sea-salt atmospheric aerosol present at Neumayer site in winter (from May to October) is depleted in sulfate with a sulfate to sodium mass-based ratio of 0.07 (sulfate to chloride 
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mass-based ratio of 0.04) with respect to the seawater composition (sulfate to sodium mass-based ratio of 0.25, sulfate to chloride mass-based ratio of 0.14 [Pilson, 1998] ). Given the large extension of sea ice at that site (up to 1600 km offshore the site), these values can be used as rough estimates for sea-salt aerosol purely produced by sea ice processes without contribution from the open ocean. Examining the degree of sulfate depletion relative to sodium (or chloride) in sea-salt particles collected at DDU on the impactor in the supermicron modes over the course of 2 years, Jourdain and Legrand [2002] calculated a mean winter sulfate to sodium mass-based ratio of 0.13 in 2000 and sulfate to chloride mass-based ratio of 0.06. Referring to the sulfate to sodium mass-based ratio of seawater (0.25) and assuming that the value of 0.07 derived at Neumayer reflects pure emissions from sea ice, we can estimate that on average 33% of sea salt comes from the open ocean at DDU in winter. The same calculation done with chloride (0.14 for open ocean against of 0.04 for sea ice) leads to a similar contribution of the open ocean (20%), both being consistent with model simulations. Finally, it is interesting to note that year-round impactor data gained at DDU suggest that greater presence of submicron sea-salt particles in winter than in summer (Figure 9 ). This feature is also broadly captured by model simulations, suggesting that the mechanism of sea-salt aerosol formation via sublimation of blowing salty snow particles, as formulated in Yang et al. [2008] , is rational.
The Case of Concordia
As seen in Figures 5c and 5d , the concentrations of sodium are on average almost 50 times smaller at Concordia than at DDU. Though simulated concentrations exceed observations by a factor of 2 at DDU, the observed large gradient of sea-salt concentrations between DDU and Concordia is well simulated by the model. In summer, low values close to 5 ng m À3 or less are simulated, consistently with observations. In winter, although both observations and simulations indicate a large interannual variability, they show higher concentrations (up to 15 ng m À3 or more during the second half of winter) than over the rest of the year. As seen in Figure 5f , the model suggests that a similar fraction of winter sea-salt aerosol at Concordia comes from open ocean and sea ice. Though based on a limited impactor data set gained in 2006, Jourdain et al. [2008] confirmed the significant contribution (often dominant) of the sea-ice-sourced sea salt at Concordia in winter. We here report ( Figure 10 ) the size-segregated composition of aerosol collected during 2 weeks in July 2011 during a strong marine advection event, as suggested by the high concentration of sodium (13 ng m À3 ). The mean 
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sulfate to sodium mass-based ratio observed on impactor stages having collected only sea salt and no aerosol of biogenic origin (i.e., particles having diameter ranging between 0.46 and 2.3 μm that contain no methanesulfonate, Figure 10d ) is close to 0.13. This value indicates that on average during this period around 65% of sea salt was related to sea ice processes in rather good agreement with model simulations. Figures 5d and 5f indicates that whereas yearly mean model simulations (9.6 ± 4.2 ng m
À3
) and observations (6.7 ± 5.1 ng m À3 )
are quite consistent, the model overestimates concentrations during the first part of winter. In both observations and simulations, high variability from one winter to another winter can be seen, suggesting, as already discussed by Levine et al. [2014] , that meteorological conditions play a key role on the low sea-salt concentration present over the Antarctic Plateau.
Observed Bromide Content of Aerosol
Ten day averaged concentrations of bromide in DDU bulk aerosol range from 0.05 to 11.8 ng m À3 (2.4 ± 1.9 ng m À3 , Figure 2a ) with a well-marked maximum in January (Figure 11a ). Given the corresponding sodium concentrations ) in summer and higher (7 × 10
À3
) in winter than the seawater value. Such a depletion of bromide relative to sodium in summer is commonly observed at remote marine sites of the Southern Hemisphere [Sander et al., 2003, and references therein] . Comparison of the bromide to sodium and chloride to sodium mass-based ratios over the course of the year (Figures 2 and 11) indicates that whereas the chlorine release only occurs in summer conditions, the bromine escape takes place most of time, except in midwinter. Considering the non-sea-salt sulfate and methanesulfonate concentrations that represent the two major acidic components of aerosol in these remote marine regions (equation (1) being not useful here due to local ammonia emissions from the large penguin colonies staying at the site), we found that whereas values reach 6 to 8 μEq L À1 in January (Figure 2e) . Thus, the release of chlorine seems to require a more acidic character of aerosol than is the case for bromide that already escapes in September/October in spite of a far smaller acidity at that time compared to later in January (Figure 2e ). In winter, the bromide to sodium mass-based ratio reaches a maximum value that slightly exceeds the seawater value of 6.25 × 10 À3 (Figure 11c ).
As discussed in section 3.1, the observed strong depletion of sulfate relative to sodium implies a precipitation of mirabilite (Na 2 SO 4 .10H 2 O) on the sea ice surface at that season. Since halites precipitate well below À20°C (instead of À8°C for mirabilite) [Richardson, 1976] , we may expect not only a lost of sulfate relative to sodium but also a lost a sodium relative to chloride and bromide. A mass balance calculation, done by assuming that the totality of sulfate (i.e., 0.25 Na) has been removed by mirabilite precipitation, permits to estimate an upper limit of the subsequent enrichment of halides relative to sodium. During the process, the corresponding lost of sodium accounts for 0.117 Na, increasing the chloride to sodium mass-based ratio of seawater from 1.8 to 2.1 (i.e., almost 20%).
On the basis of the bromide to sodium mass-based ratio observed in aerosol at DDU, we calculate in Table 3 monthly mean bromine depletion factor (DF) which represents the fraction of bromine having been lost from aerosol to the gas phase, DF being equal to 1 . The DF values reported in Table 3 were derived from the mean seasonal cycle of bulk aerosol composition observed at DDU (Figure 11 ). Though based on limited impactor runs (by definition done under fine weather conditions to avoid problems with snow precipitation during sampling) the values DF values calculated from the impactor samplings indicate an overall seasonal change, which is clearly consistent with the one derived from the bulk aerosol continuous record. We can, however, notice a systematic tendency to have lower DF values on impactor than on bulk aerosol filters, especially in January and February. Two possibilities may explain such a difference. First, the presence of alkaline material trapped on bulk aerosol filters may have led to a positive artifact due to trapping of acidic gases like HBr, such a phenomenon being far less important on the impactor deposits. Detailed examination of the change of DF values and alkalinity of bulk aerosol filters does not support the significance of such a process. Also as previously discussed (see section 2.2), the good agreement found whatever the season for gaseous Br y * concentrations with mist chambers and denuders tubes suggests that the presence of alkaline material had not led to an underestimation of Br y * values from mist chambers for which a front filter was used. Since the mass of sodium or chloride in aerosol sampled by the impactor was found to be on average 50% smaller than the one sampled by the bulk filter, a second possibility to explain the lower DF values derived from impactors compared to bulk filters in January and February is that the open face filters used to collect bulk aerosol have sampled aerosols whose diameter exceeds 20 μm (i.e., the cutoff size of the impactor). Given the expected lower DF values in very large particles compared to those in the medium size range of a few micron diameter [Sander et al., 2003] , the presence of very large particles in summer produced by open ocean near the DDU site may account for the difference in the DF values. Finally, as seen in Table 3 , the DF values decreased in recent summers, during which (as previously discussed in section 3.1), smaller local emissions of large particles occurred due to the unusual presence of sea ice around the site.
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At DDU, DF values reached a maximum from October to November (Table 3) , consistent with previous studies conducted by Ayers et al. [1999] in the remote Southern Hemisphere site of Macquarie Island (55°S). The importance of the bromide depletion with respect to the size of aerosol was examined on the impactor samples. As seen in Figure 12 , the depletion of bromide relative to sodium in summer aerosol at DDU with respect to the seawater composition is similar with what is observed at marine sites throughout the world. Indeed, the bromide to sodium mass-based ratio, which approaches the seawater value in large particles (10-20 μm diameter), decreases in particles of around 1 μm diameter and always exceeds the seawater value in very small particles.
In contrast to what is observed at DDU, at Concordia the correlation between bromide and sodium is very poor and a relatively large y intercept is calculated by the linear regression ([Br À ] = 0.0062 [Na + ] + 0.07, with R 2 = 0.2). We failed to identify any significant correlation between bromide and other species (including tracers of dust like non-sea-salt calcium or potassium). Given uncertainty in measuring very low aerosol concentrations encountered over the Antarctic Plateau, more measurements are clearly needed to draw definite conclusions on the possible contribution of non-sea-salt sources (dust aerosol, contamination by station activities, and others) to the low background level of bromide at Concordia.
Near-Surface Gaseous Bromide
In contrast to bromine present in the aerosol phase whose concentrations decrease by more than one order of magnitude from the coast (2.4 ± 1.0 ng m
À3
, Figure 11a ) to inland (0.11 ± 0.13 ng m
, Figure 3b ), the , respectively [Yang et al., 2005] . With that, the model predicted a too small Br y gradient between coastal (4.3 ± 1.4 pptv) and inland (3.3 ± 1.0 pptv) ( Figure 13 ) suggesting a too weak deposition of Br y over the Antarctic continent. Higher dry deposition velocities of Br y were calculated by Parrella et al.
[2012] who suggested mean global values close to 1 cm s À1 for HBr as well as for BrONO 2 and 0.4 cm s À1 for HOBr.
As seen in Figure 13 , simulations made using dry deposition rates for HBr, HOBr, and BrONO 2 on snow/ice of 1.0, 0.5, and 1.0 cm s
À1
, respectively, indicate a decrease of simulated mixing ratios particularly at Concordia (3.1 ± 0.9 pptv at DDU and 1.7 ± 0.4 pptv at Concordia) and an enhancement of the Br y gradient between the coast and inland Antarctica. Note that the effect of increasing dry deposition in the model mainly affects summer mixing ratios but not winter ones. As discussed below that is due to the fact that in winter the dominant Br y species is Br 2 for which no dry deposition is assumed. In the following, simulations were made considering high dry deposition velocities over snow and ice for HBr, HOBr, and BrONO 2 . Figure 14 summarizes the simulated mixing ratios of Br y and its partitioning at the two sites. In summer at DDU, the dominant species is HOBr, representing a third of Br y , followed by BrO (29% of the total) and HBr (12%). At Concordia in summer HBr instead of HOBr is the dominant species (45% instead of 26% for HOBr), followed by BrO (24%). In winter, the absence of light makes Br 2 the dominant Br y species at both sites (73% at DDU and more than 90% at Concordia). Such a dominance of HOBr, HBr, and BrO in summer and of Br 2 in winter is expected in typical polar environments (ozone above 1 ppbv and less than 5 pptv of NO 2 ) [Liao et al., 2011 [Liao et al., , 2012a .
Observed Br y * concentrations are compared to simulations in Figure 15 . As discussed in section 2.2, observed Br y * concentrations were compared to those of simulated Br y and Br y À 0.4BrO À 1.1Br 2 . In summer at DDU, the observed Br y * concentrations (10.5 ng m in the range of observed Br y * concentrations. As seen in Figure 16 , the effect of winds blowing from inland Antarctica in decreasing sea-salt concentrations at DDU (see section 3.1.1) is not observed for Br y *. This different feature between sea-salt aerosol and gaseous bromine is consistent with more homogeneous levels in marine and continental air masses for gaseous bromine than for sea-salt aerosol, partly linked to a relatively longer lifetime of Br y of at least 5 days [Yang et al., 2005; von Glasow et al., 2004] . At Concordia, observed Br y * concentrations in summer (4 ng m 
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In contrast, a winter minimum is clearly observed during the first part of the winter (May) at both sites, the annual minimum being simulated later (June-July) and being far less pronounced. . It has also to be emphasized that, as previously mentioned in section 3.1.2, the model largely overestimates the sea-salt concentrations during the first part of the winter at Concordia.
At both sites, observations show a minimum in May and a double maximum (Figure 15 ), a first one in late winter (August-September) and a second one in midsummer (January). In the case of DDU, this seasonal Whereas the release of bromide is expected to be weaker from the largest sea-salt particles than from smaller particles due to a shorter atmospheric lifetime and smaller surface/volume ratio limiting gas diffusion, coarse sea-salt aerosols still exhibit DF values slightly different from zero (DF close to 0.1 for particles of 20-40 μm ambient air diameter [Sander et al., 2003] ). Lieb-Lappen and Obbard [2015] recently investigated blowing snow samples collected on the coast of the Ross Sea and found that salty snow particles aloft at higher height (5.5 m) tend to lose more bromine than those at near-surface level. Thus, even with small bromide depletion, large salty particles such as blown snow and coarse sea-salt aerosol may still represent a significant source of Br y . In another model run, in which coarse sea-salt aerosol (dry diameter ranging from 10 μm to 20 μm) and a DF value of 0.1 were considered, simulated Br y concentrations at both DDU and Concordia were almost doubled (not shown), indicating large sea-salt particles could potentially play a role as a bromine source. Further field measurements are here needed to more precisely evaluate the contribution of these coarse salty particles as a source of bromine.
Snow Emissions
Model simulations have suggested that the photochemistry of bromide present in snow may make the snow pack of polar ice sheets a significant source of reactive Br y . As seen in Table 2 , both nitrate and bromide concentrations are strongly enhanced in the upper snow layers at Concordia. Such a strong increase of nitrate in surface snow layers was already reported by Röthlisberger et al. [2000] . Based on nitrogen ( 15 N) and ( 17 O) isotopic composition of nitrate measured in the atmosphere and snow pits at Concordia, Frey et al. [2009] concluded that UV photolysis is an important process responsible for nitrate loss from snow as suggested by snow pit nitrate profiles. The similar increase of bromide concentrations seen near the snow surface (Table 2 ) also suggests a remobilization of bromide from the snow. Although the physical and chemical properties of the liquid-like layer used in snow model simulations are not well known, Thomas et al. [2011] suggested that a few parts per trillion by volume of BrO as observed at Summit in central Greenland may be explained by emissions from the snow pack containing 10 nM (0.8 ppbw) as reported by Dibb et al. [2010] . In order to evaluate the possible role of a photochemical snowpack source at Concordia we ran an atmospheric 1-D transport model in which a Br y emission from the snowpack (φ in molecules m À2 s
À1
) is considered. The photochemical character of the Br y snow source was considered by applying a diurnal variation to φ values. This was observed for photochemical emissions of NO x from the snowpack at Concordia that ranged from 0.5 × 10 13 molecules m À2 s À1 at night to 3 × 10 13 molecules m À2 s À1 at noon [Frey et al., 2015] . The model calculates the steady state Br y mixing ratio by considering a dry deposition and a horizontal outflow from the system. For dry deposition on the snowpack, a deposition velocity of Br y ranging from 0.2 to 1 cm s
was applied (see discussions in section 3.3). In addition, to account for Br y exchange within the atmosphere between gas and condensed (aerosols and hydrometeors) phases, we have assumed a Br y lifetime of 5 days as typically reported for the free troposphere (5 days by Yang et al. [2005] and 10 days by von Glasow et al. 
On the Importance of the Bromine Chemistry in Antarctica
In this section, we discuss the abundance of BrO (its mixing ratio near the surface as well as its vertical tropospheric column), which represents the inorganic bromine species that can significantly contribute to the overall oxidative property of the polar atmosphere.
Near-Surface BrO Mixing Ratios
Though limited to four days in summer 2011/2012 (from 31 January to 3 February), Grilli et al. [2013] reported BrO mixing ratios close to the detection limit of 2 pptv (or less) of the near-UV-Visible laser spectrometer deployed at DDU, being at least less than half of those reported by Saiz-Lopez et al. [2007] at Halley in summer (3 pptv). These limited observations available at DDU are consistent with the value of 1 pptv simulated for that site in January (Figure 14d ). . Using this value, Frey et al. [2015] provided as a first estimate a BrO mixing ratio of 2 to 3 pptv near the surface during sunlight hours. Though the corresponding 24 h average values would be smaller, this estimate is 6 times larger than the simulated BrO value for Concordia in December/January (around 0.4 pptv, Figure 14f ). Model simulations predicting that at Concordia in summer BrO would represent a third of the sum of other Br y species, a mixing ratio of BrO of 2 to 3 pptv would imply the presence of 4 to 9 pptv of Br y * which also largely exceeds the observed and simulated Br y * values (Figure 15) . Frey et al. [2015] pointed out larger mixing ratios in the free troposphere than in the near-surface layer at Concordia. This observation is consistent with our conclusion that the snowpack does not represent a significant source of inorganic bromine for the atmospheric boundary layer of the East Antarctic Plateau. Note that such a feature of the vertical distribution of BrO was also seen at the coastal Antarctic site of Halley in spring [Roscoe et al., 2014] .
Tropospheric BrO Vertical Column
In this section, we compare vertically integrated BrO concentration profiles from p-TOMCAT simulations with those from GOME-2 satellite observations. Both data sets are not directly comparable and several steps/corrections have been applied. First, the model output has been extracted at the overpass time of the satellite. Second, the modeled BrO profiles have been convolved with the averaging kernels of the satellite data, using the approach described in Parrella et al. [2012] . This step allows the direct comparison between the vertical columns from the model and the satellite. The averaging kernel informs on the measurement sensitivity in the different atmospheric layers and essentially provides the weight of the true BrO ) over inland West Antarctica, and highest values (1.5 to 2.5 × 10 13 molecules cm À2 ) on average over sea ice. There are however large differences over sea ice regions with satellite columns exceeding by 1 to 1.5 × 10 13 molecules cm À2 the simulated BrO columns, in particular, over the Ross Sea and the Weddell Sea. Based on an extra simulation conducted without sea ice source (not shown), we found that the sea ice contribution to the total tropospheric BrO in October is relatively small, only 0.5-1.5 × 10 13 molecules cm À2 , and mainly limited to the sea ice zone. This result is consistent with the surface Br y simulation reported in Figure 11 showing that only 24% of Br y originates in sea-ice-related processes. It can therefore be concluded that the model tends to underestimate tropospheric BrO column over sea ice. As discussed in section 3.4.1, mobile blowing snow particles as well as coarse sea-salt aerosol produced through the sublimation process can serve as potential bromine sources, neither of which was included in this simulation. Also, the bulk values of DF used to describe the bromine release south of 30°S were based on limited observations made at three sites (including DDU in this study). That represents another large source of uncertainty in formulating bromine emissions in this region where strong winds make the sea-salt production very large (nearly 40% of the global sea-salt production is calculated for regions located south from 30°S [Yang et al., 2005] ). In addition to these uncertainties on the bromine source, a better knowledge of the heterogeneous chemistry that takes place on sea-salt aerosol is certainly needed since it may affect (likely increase) the BrO partitioning in the Br y family. Figure 18 shows the monthly mean BrO tropospheric columns at DDU and Halley (averages for years 2008 and 2009) derived from p-TOMCAT model simulations and GOME-2 satellite observations. Both simulated and observed tropospheric BrO columns show a spring maximum around September-October, which is believed to be due to the polar "bromine explosion" effect. It is also seen that both simulations and satellite data are quantitatively consistent and suggest larger amounts of BrO at Halley compared to DDU. 
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It should be noted that it is the first time (to our knowledge) that modeled and satellite BrO results are properly compared over the Antarctic regions and despite the differences discussed above, the results are encouraging and clearly illustrate the model skill in simulating the BrO explosion phenomenon.
Implications for the Oxidizing Property of the Antarctic Boundary Layer
Previous discussions have consistently shown that in summer, BrO is slightly more abundant at Halley compared to DDU, near the surface as well as within the entire troposphere. As already discussed by Legrand et al. [2009] , the far larger surface ozone mixing ratios seen in summer at DDU compared to Halley suggest a more active HO x chemistry due to a more efficient transport of inland air masses toward the coast there. These differences may impact the oxidizing properties of the atmosphere at these two coastal regions. In the following, we more precisely discuss this effect on the chemistry of dimethylsulfide (DMS) whose the oxidation represents one of the most abundant source of submicron aerosol in these regions.
The most efficient atmospheric oxidants of DMS are OH, BrO, and NO 3 , whereas others like Cl, IO, and O 3 are less efficient (see Barnes et al. [2006] for a review). In summer only OH and BrO may efficiently compete in oxidizing the DMS. Measurements of BrO made over one year at Halley by Saiz-Lopez et al. [2007] indicate a mean mixing ratio of 3 pptv during January-March. Such high BrO mixing ratios in summer make the BrO reaction on DMS producing DMSO 4 times faster than the one with OH (addition pathway) [Read et al., 2008] whose concentrations reach 4 × 10 5 radicals cm À3 (24 h average) at that site [Bloss et al., 2007] . At DDU, the importance of the HO x chemistry was recently demonstrated by measurements of OH whose 24 h average concentrations reach 2.1 × 10 6 radicals cm À3 in summer [Kukui et al., 2012] . Using these values and assuming the presence of 1.5 pptv of BrO in summer at DDU, we found that the OH addition production of DMSO is still 3 times faster than the one with BrO.
Concerning Concordia, with less than 1 pptv of BrO, it is clear that the bromine chemistry is far less efficient than the chemistry of OH for which Kukui et al. [2014] measured 24 h average concentrations of 3.1 × 10 6 radicals cm À3 in summer.
Conclusions
Several key aspects of the sea-salt aerosol (load, composition, and seasonality) at the coast and inland East Antarctica are established from multiyear observations derived from bulk and size-segregated samplings. At the coastal DDU site, the model predicts larger concentrations than observed but it is shown that a large part of the difference is related to local surface winds blowing often from the continent bringing sea-salt poor air to the site. At Concordia, observed annual mean concentrations close to 10 ng m À3 are well reproduced by the model. Whereas both observations and simulations show a sea-salt minimum in summer, the model simulates an enhancement of winter concentrations a few months earlier than generally observed. In spite of these discrepancies, at both sites in winter the simulated contribution of sea-ice-related process with respect to open ocean emissions (70% at DDU and 50% at Concordia) is consistent with conclusions drawn from the examination of the observed sulfate depletion relative to sodium with respect to seawater. 
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In summer, the estimated gaseous inorganic bromine mixing ratios derived from bromide measurements made in denuder tube extracts (10 and 4 ng m À3 at DDU and Concordia, respectively) are consistent with model simulations, suggesting sea salt as the main source of gaseous inorganic bromine species. In addition, it is shown that the observed bromide content of snow is not large enough to serve as a source able to maintain the observed gaseous inorganic bromine mixing ratios at Concordia in summer. In winter, simulations overestimate the gaseous inorganic bromine mixing ratios compared to observations, particularly at Concordia. In addition to an overestimation of sea-salt emissions by the model there, it is likely that a reason of the overestimate is related to the assumption of an absence of dry deposition for Br 2 (the dominant Br y species in winter). More data are here needed in particular to better describe bromine source related to mobile particles (including blowing snow particles as well as sea-salt aerosol produced from both open ocean and sea ice). BrO simulations were also compared to data derived from GOME-2 satellite observations, both simulations and satellite data showing a larger tropospheric BrO abundance in spring as well as in summer over west coast compared to east coast of Antarctica. Finally, it is shown that whereas the bromine chemistry may largely compete with the OH chemistry at the West Antarctic coast, it is the case neither at the East coast nor over the Antarctic Plateau.
